This editorial refers to 'The effect of aortic morphology on peri-operative mortality of ruptured abdominal aortic aneurysm' † , by the IMPROVE Trial Investigators, on page 1328.
Soon after endovascular aortic repair (EVAR) was introduced as a therapeutic alternative to open surgical repair .20 years ago, pioneering work was done to demonstrate the feasibility of EVAR not only in elective management of patients with abdominal aortic aneurysm (AAA), but also in ruptured AAA (rAAA). 1, 2 During the last two decades, EVAR has emerged from being a novelty to becoming the predominant therapy in patients undergoing elective repair in many centres, and randomized controlled trials (RCTs) have shown reduced peri-operative mortality in relation to open repair. 3, 4 Plausibly, haemodynamically compromised patients with rAAA would benefit from a less invasive procedure, in most cases done under local anaesthesia, avoiding drastic blood pressure fluctuations. 5 Thereby, it would seem reasonable to expect improved perioperative outcome after EVAR compared with open repair in rAAA. However, the implementation of a round-the-clock EVAR readiness poses logistical challenges, which may contribute to EVAR not yet being as well established for the treatment of rAAA, albeit that in some centres algorithms have been developed to manage patients with rAAA almost exclusively by way of EVAR. 6 Even though observational studies have demonstrated advantages of EVAR over open repair in rAAA patients, the results have been debated and questioned, not least regarding possible selection bias. The first two published small RCTs on rAAA did not settle the controversy; no difference in mortality was found. 7, 8 Equally, in the most recent and largest multicentre RCT yet published on rAAA, the IMPROVE trial, there was no 30-day mortality difference, when analysing the data on an intention-to-treat basis. 9 In their latest report, the IMPROVE Trial Investigators conducted an observational study of the treatment received, and not based on the original randomization, with the aim of identifying morphological parameters that influence the outcome. 10 There was an inverse relationship between aneurysm neck length and 30-day mortality. The authors concluded that since short aneurysm necks increase the difficulty and complication rate in open repair and impede conventional EVAR, their findings may explain the benefit of EVAR shown in observational studies, but not in RCTs. In the observational studies, patients with challenging aortic neck (short, angulated, or even absent) were not treated endovascularly, but underwent open repair, and surgery of juxta-renal aneurysms carries a higher risk of an adverse outcome ( Figure 1 ). To rule out such a bias, the IMPROVE Trial Investigators suggest that future studies should describe the aortic anatomy more accurately and that the results should be adjusted for neck length. Endovascular aortic repair is a less invasive operation, which in elective cases has very low mortality, ,1%, and it can be carried out as a fast-track procedure (short stay or even outpatient).
11,12
The main advantages of EVAR are that it can be performed percutaneously, under local anaesthesia, and that left ventricular wall stress from aortic cross-clamping is avoided. 13 14 Perhaps EVAR indeed has no advantages over open repair, but one should not draw definitive conclusions from the present morphology study, as it does have some important limitations. It is a retrospective observational study, designed a posteriori. The statistical analyses were not performed on the original randomized groups (intention-to-treat), but on rearranged 'as treated' groups. In the IMPROVE trial, 36% of the patients allocated to an EVAR strategy were considered unsuitable (especially when the proximal aneurysm neck length was ,10 mm), and were instead treated by open repair. One more concern is that morphological data on the infra-renal neck was missing in up to 20%. It would be of interest to reanalyse the previously published RCTs and observational studies with adjustment for neck length in patients with neck length .10 mm to obtain a valid comparison.
In summary, the present paper using data from the IMPROVE trial to explore the effect of aortic morphology on the outcome, analysing the groups according to operation received and not by randomized group, raises further questions, and, even though EVAR is less invasive and carries many theoretical advantages, the available RCTs have failed to demonstrate a benefit on survival compared with open repair in rAAA. The debate will go on as to which method is superior. No doubt, EVAR has become a highly valuable alternative to open repair in rAAA. With the use of available adjuncts to conventional EVAR, such as parallel grafts (chimney/periscope), and upcoming off-the-shelf devices for branched or fenestrated EVAR, most ruptured aneurysms can be managed endovascularly (Figure 2) , and, hence, maybe only by comparing open repair with complex EVAR would the comparison be fully valid. We look forward to further results from the IMPROVE trial, which may clarify some of these issues.
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